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(57) ABSTRACT

According to one implementation, an i1mage generation
system 1ncludes a rotor, a base including a motor for
spinning the rotor about an axis of rotation, a display secured
to the rotor, the display including a display surface, and a
blur screen secured to the display. The blur screen has a
vertical edge substantially parallel to the axis of rotation and
includes a first light emission barrier, a second light emission
barrier, and a horizontal gap having a width substantially
perpendicular to the vertical edge separating the first light
emission barrier from the second light emission barrier. The
first light emission barrier and the second light emission
barrier are configured to substantially prevent rotational blur
of an mmage displayed by the display surface while the
display and the blur screen are spun by the motor and the

rotor.
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Spin a display and a blur screen of an image
generation system about an axis of rotation
using a motor and a rotor of the image
generation system
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| Emit light from the display surface to display
an image by the display surface while
spinning the display and the blur screen
594

Block a portion of the light emitted from the
display surface using the first light emission
barrier and the second light emission barrier

to substantially prevent rotational blur of the
image displayed by the display surface while
the display and the blur screen are spinning
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IMAGE GENERATION USING A SPINNING
DISPLAY AND BLUR SCREEN

BACKGROUND

Increases in computing power have made possible the
generation of richly featured virtual characters capable of
simulating interactivity. The illusion of interactivity may be
even greater when the wvirtual character appears to an
observer to be imndependent of the image generation system
producing 1t. For example, a spinning to display may be used
to generate an apparently three-dimensional (3D) image that
appears to float 1n space. However, blurring of the tloating
image due to rotation of the display used to produce 1t may
be readily detectable to the eye of a human observer, and
may undesirably reduce the immersiveness of the interactive
experience for the observer.

SUMMARY

There are provided systems and methods for generating
an 1mage using a spinning display and blur screen, substan-
tially as shown 1n and/or described in connection with at
least one of the figures, and as set forth more completely 1n
the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a diagram of an exemplary image genera-
tion system including a spinning display and blur screen,
according to one 1mplementation;

FIG. 2A shows a front view of an exemplary image
generation system including a spinning display and blur
screen corresponding 1n general to the system shown 1n FIG.
1, according to one implementation;

FIG. 2B shows a side view of the exemplary image
generation system including the spinning display and blur
screen shown 1n FIG. 2A along perspective lines 2B-2B 1n
FIG. 2A, according to one implementation;

FIG. 2C shows a freeze frame front view of the exemplary
image generation system including the spinning display and
blur screen shown 1n FIGS. 2A and 2B at a particular point
in their rotation, according to one implementation;

FI1G. 2D shows a freeze frame front view of the exemplary
image generation system including the spinning display and
blur screen shown in FIGS. 2A, 2B, and 2C at a later point
in their rotation than that shown in FIG. 2C, according to one
implementation;

FI1G. 2E shows a freeze frame front view of the exemplary
image generation system including the spinning display and
blur screen shown 1in FIGS. 2A, 2B, 2C, and 2D at a later
point in their rotation than that shown 1n FIG. 2D, according,
to one implementation;

FIG. 2F shows a top view of the exemplary image
generation system including the spinning display and blur
screen shown in FIGS. 2A, 2B, 2C, 2D, and 2E along
perspective lines 2F-2F 1n FIG. 2D, according to one imple-
mentation;

FIG. 2G shows a cross-sectional view of the exemplary
image generation system including the spinning display and
blur screen shown 1 FIGS. 2A, 2B, 2C, 2D, and 2E along
perspective lines 2G-2G 1n FIG. 2D, according to one
implementation;

FIG. 2H shows a top view 1nto an exemplary cross-
sectional segment of the image generation system including
the spinning display and blur screen shown in FIGS. 2A, 2B,
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2C, 2D, and 2E along perspective lines 2H-2H 1n FIG. 2D,
according to one implementation;

FIG. 3A shows a front view of an exemplary image
generation system including a spinning display and blur
screen corresponding in general to the system shown 1n FIG.
1, according to another implementation;

FIG. 3B shows a top view into an exemplary cross-
sectional segment of the image generation system including
the spinning display and blur screen shown 1n FIG. 3A along
perspective lines 3B-3B in FIG. 3A, according to one
implementation;

FIG. 4A shows a top view mto an exemplary cross-
sectional segment of an 1mage generation system including
a spinning display and blur screen that corresponds 1in
general to the cross-sectional segment shown in FIGS. 2F
and 3B, according to another implementation;

FIG. 4B shows a top view into an exemplary cross-
sectional segment of an 1mage generation system including
a spining display and blur screen that corresponds 1in
general to the cross-sectional segment shown in FIGS. 2F
and 3B, according to another implementation; and

FIG. 5 shows a flowchart outlining an exemplary method
for generating an 1mage using a spinning display and blur
screen, according to one implementation.

DETAILED DESCRIPTION

The following description contains specific information
pertaining to implementations 1n the present disclosure. One
skilled 1n the art will recognize that the present disclosure
may be implemented in a manner different from that spe-
cifically discussed herein. The drawings in the present
application and their accompanying detailed description are
directed to merely exemplary implementations. Unless
noted otherwise, like or corresponding elements among the
figures may be indicated by like or corresponding reference
numerals. Moreover, the drawings and 1llustrations 1n the
present application are generally not to scale, and are not
intended to correspond to actual relative dimensions.

The present application discloses systems and methods
for generating an 1mage that i1s substantially free of rota-
tional blur using a spinning display and blur screen. FIG. 1
shows a diagram ol exemplary image generation system
100, according to one implementation. As shown 1n FIG. 1,
image generation system 100 includes bottom stationary
base 110 including motor 112 and motor controller circuit
114 having motor control unit (MCU) 116, rotor 106, and top
stationary endcap 126 opposite base 110. In addition, 1mage
generation system 100 includes display 102 secured to rotor
106 and situated between base 110 and endcap 126, as well
as blur screen 170 with vertical edge 171 having height 108
and horizontal gap 172 having width 174 substantially
perpendicular to vertical edge 171. It 1s noted that blur
screen 170 may be secured to display 102 and/or rotor 106.
It 1s further noted that display 102 and blur screen 170 are
configured to spin about an axis of rotation of image
generation system 100 (axis of rotation not shown 1n FIG. 1).

As further shown 1n FIG. 1, display 102 includes display
surface 140 and computing platform 120 communicatively
coupled to display surface 140 so as to control display
surface 140. Computing platform 120 includes application
specific integrated circuit (ASIC) 130 including central
processing unit (CPU) 132 implemented as a hardware
processor, graphics processing unit (GPU) 134 also imple-
mented as a hardware processor, and may further include
digital signal processor (DSP) 136. Computing platform 120
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also mcludes system memory 122 implemented as a non-
transitory storage device storing software code 124.

As also shown 1n FIG. 1, base 110 1s situated on surface
160, which may be a floor or any other substantially hori-
zontal surface. In addition, FIG. 1 shows horizontal axis 162
substantially parallel to surface 160 and designated herein as
the Y™ axis, and vertical axis 164 substantially perpendicu-
lar to surtace 160 and designated herein as the “Z” axis. It
1s noted that vertical axis 164 1s substantially parallel to
vertical edge 171 of blur screen 170. FIG. 1 further shows
sensor network 104 bridging base 110 and display 102, and
image 148 displayed by display surface 140, as well as
observer 166 viewing image 148 through horizontal gap 172
of blur screen 170.

By way of definition, as used 1n the present application,
the terms “‘render” and “rendering” are defined to mean
causing one or more 1mages to appear on a display surface,
such as display surface 140. Thus, rendering an 1image may
mean causing an entirely new 1mage to appear on the display

surface, or refreshing an 1image previously appearing on the
display surface. Moreover, as used in the present applica-
tion, the terms “central processing unit” or “CPU” and
“oraphics processing umt” or “GPU” have their customary
meaning 1n the art. That 1s to say, a CPU includes an
Arithmetic Logic Unit (ALU) for carrying out the arithmetic
and logical operations of computing platform 120, as well as
a Control Unit (CU) for retrieving programs, such as sofit-
ware code 124, from system memory 122. A GPU 1s
configured to reduce the processing overhead of the CPU by
performing computationally intensive graphics processing
tasks.

Sensor network 104 can mclude a base sensor unit inte-
grated with base 110 and a rotating sensor unit integrated
with display 102 and configured to rotate with display 102.
According to one implementation, the base sensor unit may
include one or more of an inirared (IR) light-emitting diode
(LED), a magnet, a visible light LED, and a glyph or other
visible marker, to name a few examples. The rotating sensor
unit may 1nclude one or more of an IR receiver for sensing,
the IR LED, a Hall eflect sensor for sensing the magnet, a
photo diode for sensing the visible light LED, and one or
more camera(s) for sensing the glyph or visible marker.

However, 1n another implementation, one or more of the
IR LED, the magnet, the visible light LED, and the glyph or
visible marker may be included 1n the rotating sensor unit,
while one or more of the IR receiver, the Hall eflect sensor,
the photo diode, and the camera(s) may be included 1n the
base sensor unit. It 1s noted that sensor network 104 may be
utilized to track the rotational position and/or spin rate of
display 102. Moreover, the combination of computing plat-
form 120 of display 102, sensor network 104, and motor
controller circuit 114 of base 110 enable the necessary time
synchronization between the revolutions per minute (rpm) of
motor 112 and rotor 106, and the frame rate in frames per
second (Ips) at which display 102 renders images. It 1s
turther noted that although FIG. 1 shows single observer
166, that representation 1s provided merely for conceptual
clarity. More generally, observer 166 may correspond to a
single observer, or to two or more observers.

FIG. 2A shows a front view of exemplary image genera-
tion system 200 including spinning display 202 and blur
screen 270, according to one implementation. It 1s noted that
the perspective depicted 1n FIG. 2A 1s shown as though seen
through blur screen 270. As shown 1 FIG. 2A, 1n addition
to display 202 and blur screen 270, image generation system
200 1ncludes base 210 and endcap 226. Base 210 1s shown

to include motor 212 and to be situated on surface 260,
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which may be a floor or any other substantially horizontal
surface. In addition, according to the exemplary implemen-
tation shown i FIG. 2A, image generation system 200
includes rotor 206 secured to display 202.

Display 202 includes display surface 240 on which two-
dimensional (2D) graphic 244 1s rendered. FIG. 2A further
shows vertical edge 271 of blur screen 270 having height
208, and distance 218 between base 210 and endcap 226.
Also shown 1n FIG. 2A are horizontal Y axis 262 substan-
tially parallel to surface 260, vertical Z axis 264 substan-
tially perpendicular to surtface 260 and substantially parallel
to vertical edge 271 of blur screen 270, and spin direction
256 of rotor 206, display 202, and blur screen 270.

Image generation system 200 corresponds in general to
image generation system 100, in FIG. 1. As a result, image
generation system 200 may share any of the characteristics
attributed to 1mage generation system 100 by the present
disclosure, and vice versa. In addition, endcap 226, rotor
206, and base 210 including motor 212, correspond respec-
tively in general to endcap 126, rotor 106, and base 110
including motor 112, 1n FIG. 1. Thus, endcap 226, rotor 206,
base 210, and motor 212, may share any of the character-
istics attributed to respective endcap 126, rotor 106, base
110, and motor 112, by the present disclosure, and vice
versa. That 1s to say, although not explicitly shown in FIG.
2 A, base 210 includes features corresponding respectively to
motor controller circuit 114 and MCU 116.

Moreover, display 202 including display surface 240
corresponds in general to display 102 including display
surface 140, 1n FIG. 1. Thus, display 202 and display surface
240 may share any of the characteristics attributed to respec-
tive display 102 and display surface 140 by the present
disclosure, and vice versa. That i1s to say, although not
explicitly identified 1n FIG. 2A, display 202 may include
features corresponding respectively to computing platform
120 including ASIC 130 having CPU 132, GPU 134, and
DSP 136, and further including system memory 122 storing
software code 124.

It 1s noted that blur screen 270 with vertical edge 271
having height 208, in FIG. 2A, corresponds in general to
blur screen 170 with vertical edge 171 having height 108, in
FIG. 1. As a result, blur screen 270, vertical edge 271, and
height 208 may share any of the characteristics attributed to
respective blur screen 170, vertical edge 171, and height 108
by the present disclosure, and vice versa. Thus, like blur
screen 170, blur screen 270 1ncludes a feature corresponding
to horizontal gap 172 having width 174 substantially per-
pendicular to vertical edge 171/271. Moreover, like blur
screen 170, blur screen 270 may be secured to display
102/202 and/or rotor 106/206.

It 1s turther noted that, as shown by FIG. 2A, as well as
by FIGS. 2B and 2C described below, height 108/208 of
vertical edge 171/271 of blur screen 170/270 may determine
the height of 1image generation system 100/200. That 1s to
say, 1n some implementations, height 108/208 of vertical
edge 171/271 of blur screen 170/270 equals the height of
image generation system 100/200. However, difierent
implementations may have different heights 108/208. In
general, height 108/208 1s at least as great as the height of
display surface 140/240. In implementations in which image
generation system 100/200 1s viewed Ifrom above by
observer 166 at an approximately thirty degree to forty five
degree angle relative to horizontal Y axis 162/262, height
108/208 1s typically greater than the height of display
surface 140/240.

FIG. 2B shows a side view of exemplary image genera-
tion system 100/200 along perspective lines 2B-2B in FIG.
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2A, according to one implementation. It 1s noted that, like
FIG. 2A, the perspective depicted 1in FIG. 2B 1s shown as
though seen through blur screen 270. It 1s further noted that
any features in FIG. 2B identified by reference numbers
identical to those shown 1 FI1G. 2A correspond respectively
to those previously 1dentified features and share their respec-
tive characteristics. In addition to the features described

above by reference to FIG. 2A, FIG. 2B shows axis of
rotation 228 of rotor 106/206, display 102/202, and blur
screen 170/270, as well as horizontal X axis 268 normal to

display surface 140/240 and perpendicular to horizontal Y
axis 162/262 in FIGS. 1 and 2A.

As shown in FIG. 2B, vertical edge 171/271 of blur screen
170/270 1s substantially parallel to axis of rotation 228. As
turther shown i FIG. 2B, display surtace 140/240 of display
102/202 may be situated on axis of rotation 228 of rotor
106/206, display 102/202, and blur screen 170/270. For
example, 1n some implementations, display surface 140/240
may be precisely aligned so as to be on axis of rotation 228
and so as to be centered on axis of rotation 228.

FIGS. 2C, 2D, and 2E show exemplary freeze frame front
views ol 1image generation system 100/200 at successive
points 1n the rotation of spinning display 102/202 and blur
screen 170/270. That 1s to say, FIG. 2C shows a freeze frame
front view of 1image generation system 100/200 at a particu-
lar point in the rotation of display 102/202 and blur screen
170/270, FIG. 2D shows a freeze frame front view of image
generation system 100/200 at a later point in that rotation,
and FIG. 2E shows a freeze frame front view ol image
generation system 100/200 at an even later point 1n that
rotation.

It 1s noted that any features in FIGS. 2C, 2D, and 2E
identified by reference numbers 1dentical to those shown 1n
FIG. 2A or 2B correspond respectively to those previously
identified features and share their respective characteristics.
In addition to vertical edge 171/271 of blur screen 170/270
that 1s substantially parallel to axis of rotation 228, FIGS.
2C, 2D, and 2E further show horizontal gap 272 of blur
screen 170/270, having width 274 substantially perpendicu-
lar to vertical edge 171/271, and having length 276 perpen-
dicular to width 274. In addition, FIGS. 2C, 2D, and 2F
show first light emission barrier 282a, second light emission
barrier 2825b, top blur guard 2804, bottom blur guard 2805.
In addition, FIG. 2D shows a side view ol cross-sectional
segment 278 of image generation system 100/200 that 1s
shown 1n greater detail and described below by reference to
FIG. 2H.

Horizontal gap 272 having width 274 corresponds in
general to horizontal gap 172 having width 174, in FIG. 1.
That 1s to say, horizontal gap 272 and width 274 may share
any of the characteristics attributed to respective horizontal
gap 172 and width 174 by the present disclosure, and vice
versa. Thus, like horizontal gap 272, horizontal gap 172 has
length 276 perpendicular to width 174/274. Moreover, and
as shown by FIGS. 2C, 2D, and 2E 1n some implementa-
tions, length 276 of horizontal gap 172/272 1s equal to height
108/208 of vertical edge 171/271 of blur screen 170/270.

According to the exemplary implementation shown 1n
FIGS. 2C, 2D, and 2E, in some implementations, top blur
guard 280a may obscure endcap 126/226 and rotor 106/206
from the view of observer 166, while bottom blur guard
2805 obscures base 110/210 from the view of observer 166.
However, and as shown in FIG. 2C, 2D graphic 244 ren-
dered on display surface 140/240 1s visible to observer 166
through horizontal gap 172/272.

Regarding 2D graphic 244, as shown by the freeze frame
front views provided in FIGS. 2C, 2D, and 2E, 2D graphic
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6

244 1s cropped by opaque first and second light emission
barriers 282a and 2826 when image generation system
100/200 1s viewed statically. By contrast, and as shown 1n
FIG. 2A, rotation of display 102/202 and blur screen 170/
270 result 1in horizontal gap 172/272 functioning like a
collimated raster scan across the eyes of observer 166, 1n
FIG. 1. Thus, the cumulative cropped images of 2D graphic
244 shown by FIGS. 2C, 2D, and 2E scan on the retina of
observer 166 to make to make combined 1mage 148 corre-
sponding to 2D graphic 244 in FIG. 2C when display
102/202 and blur screen 170/270 spin.

Spinning of display 102/202 and blur screen 170/270 by
rotor 106/206 and motor 112/212 causes image 148, corre-
sponding to 2D graphic 244, to appear to observer 166 as an
image having substantially no perceptible blur. That 1s to
say, because horizontal gap 172/272 sweeps horizontally
across display surface 140/240, the image 148 appearing to
observer 166 1s the whole display 1image essentially blur free
(1.e., not just what i1s visible as cropped 2D graphic 244 1n
each of FIGS. 2C, 2D, and 2F, but instead the summation of
all angles viewed through horizontal gap 172/272 as 1t
sweeps horizontally across display surface 140/240).

It 1s noted that in 1mplementations 1 which blur screen
170/270 substantially surrounds display 102/202, as shown
in FIG. 2B, spinmng of display 102/202 and blur screen
170/270 cause image 148 to appear as a floating 1image 1n a
dark cvlindrical volume produced by the spinning of blur
screen 170/270. In other words each light emitting pixel of
display surface 140/240 will be visible within what appears
to be a dark opaque cylinder (yet image 148 appears in the
center).

FIG. 2F shows a top view of exemplary image generation
system 100/200 along perspective lines 2F-2F 1 FIG. 2D,
according to one implementation. It 1s noted that any fea-
tures 1n FIG. 2F 1dentified by reference numbers identical to
those shown 1n FIG. 2A, 2B, 2C, 2D, or 2E correspond
respectively to those previously 1dentified features and share
their respective characteristics. It 1s further noted that
although not visible from the perspective shown by FIG. 2F,
horizontal gap 172/272 having width 174/274 and situated
below top blur guard 280a 1s conceptually represented by
dashed lines 1n FIG. 2F.

Referring to FIGS. 2D and 2F 1n combination, according,
to the present exemplary implementation, top blur guard
2804 of blur screen 170/270, extends from the top of vertical
edge 171/271 of blur screen 170/270 at height 108/208
above surface 260 to below endcap 126/226 so as to com-
pletely obscure display surface 140/240 from above the
viewing window provided by horizontal gap 172/272 of blur
screen 170/270. In some implementations, as shown by FIG.
2F, blur screen 170/270 may be cylindrical 1n the direction
of vertical edge 171/271. In some of those implementations,
top blur guard 280a may have a substantially linear negative
slope from the top of vertical edge 171/271 to the terminus
of top blur guard 280a at or above display 102/202 and
below endcap 126/226. However, in other cylindrical imple-
mentations of blur screen 170/270, top blur guard 280a may
assume a parabolic or otherwise curved shape between the
top of vertical edge 171/271 and the terminus of top blur
guard 280q at or above display 102/202 and below endcap
126/226.

FIG. 2G shows a cross-sectional view of exemplary
image generation system 100/200 along perspective lines
2G-2G 1 FIG. 2D, according to one implementation. It 1s
noted that any features 1n FIG. 2G 1dentified by reference
numbers 1dentical to those shown 1n FIG. 2A, 2B, 2C, 2D,

2E, or 2F correspond respectively to those previously 1den-
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tified features and share their respective characteristics.
Referring to FIGS. 2D and 2G 1n combination, according to
the present exemplary implementation, bottom blur guard
2805 of blur screen 170/270, extends from the bottom of
display 102/202 so as to completely obscure display surface
140/240 from below the viewing window provided by
horizontal gap 172/272 of blur screen 170/270.

FIG. 2H shows a top view 1nto exemplary cross-sectional
segment 278 of image generation system 100/200 along
perspective lines 2H-2H in FIG. 2D, according to one
implementation. It 1s noted that any features i FIG. 2H
identified by reference numbers 1dentical to those shown 1n
FIG. 2A, 2B, 2C, 2D, 2E, 2F, or 2G correspond respectively
to those previously 1dentified features and share their respec-
tive characteristics.

As shown by FIGS. 2F, 2G, and 2H, 1n some implemen-
tations, blur screen 170/270 may be secured to display

102/202 and may take the form of a cylindrical housing
contaiming display 102/202. As shown in FIGS. 2G and 2H,

width 174/274 of horizontal gap 172/272 separates first light
emission barrier 282a from second light emission barrier
2825b. In addition, and as shown in FIG. 2H, blur screen
170/270 may form substantially triangular viewing cavity
284 between display surface 140/240 and horizontal gap
172/272.

Blur screen 170/270 may be formed of any suitable
opaque material having suflicient rigidity to prevent blur
screen 170/270 from deforming at spin rates in a range, but
not limited to, from approximately nine hundred revolutions
per minute to approximately three thousand six hundred
revolutions per minute (900 rpm-3600 rpm). For example,
blur screen 170/270 including first light emission barrier
282a, second light emission barrier 2825, top blur guard
280a, and bottom blur guard 2806 may be formed of
injection molded plastics, formed rigid foam shaped light
welght metals, or other materials. Furthermore, and as also
shown by FIGS. 2G and 2H, in some implementations, first
light emission barrier 282a and second light emission barrier
282b may each be implemented as a volumetric segment
having at least one curved surtace.

FIG. 3A shows a front view of exemplary image genera-
tion system 300 including spinning display 302 and blur
screen 370 including first light emission barrier 3824 and
second light emission barrier 382b, according to another
implementation. As shown 1n FIG. 3A, in addition to display
302 and blur screen 370, image generation system 300
includes base 310 and endcap 326. Base 310 1s shown to
include motor 312 and to be situated on surface 360, which
may be a tloor or any other substantially horizontal surface.
In addition, according to the exemplary implementation
shown 1n FIG. 3A, image generation system 300 includes
rotor 306 secured to display 302.

Display 302 includes display surface 340 on which 2D
graphic 344 1s rendered. In addition, FIG. 3A shows vertical
edge 371 of blur screen 370 having height 308, horizontal
gap 372 having width 374 substantially perpendicular to
vertical edge 371, and distance 318 between base 310 and
endcap 326. It 1s noted that vertical edge 371 of blur screen
370 1s substantially parallel to an axis of rotation of rotor
306, display 302, and blur screen 370 corresponding to axis
of rotation 228, in FIG. 2B. Also shown 1n FIG. 3A are
horizontal Y axis 362 substantially parallel to surface 360,
vertical 7 axis 364 substantially perpendicular to surface
360 and substantially parallel to vertical edge 371 of blur
screen 370, side view of cross-sectional segment 378 of
image generation system 300, and spin direction 356 of rotor

306, display 302, and blur screen 370.
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Image generation system 300 including cross-sectional
segment 378 corresponds in general to 1image generation
system 100/200 including cross-sectional segment 278, 1n
FIGS. 1, 2A, 2B, 2C, 2D, and 2E. As a result, image
generation system 300 may share any of the characteristics
attributed to 1image generation system 100/200 by the pres-
ent disclosure, and vice versa. In addition, endcap 326, rotor
306, and base 310 including motor 312, correspond respec-
tively 1n general to endcap 126/226, rotor 106/206, and base
110/210 including motor 112/212, in FIGS. 1, 2A, 2B, 2C,
2D, and 2E. Thus, endcap 326, rotor 306, base 310, and
motor 312, may share any of the characteristics attributed to
respective endcap 126/226, rotor 106/206, base 110/210, and
motor 112/212, by the present disclosure, and vice versa.
That 1s to say, although not explicitly shown i FIG. 3A,
base 310 includes features corresponding respectively to
motor controller circuit 114 and MCU 116.

Moreover, display 302 including display surface 340
corresponds 1n general to display 102/202 including display
surface 140/240, in FIGS. 1, 2A, 2B, 2C, 2D, and 2E. Thus,
display 302 and display surface 340 may share any of the
characteristics attributed to respective display 102/202 and
display surface 140/240 by the present disclosure, and vice
versa. That 1s to say, although not explicitly identified in
FIG. 3A, display 302 may include features corresponding
respectively to computing platform 120 including ASIC 130
having CPU 132, GPU 134, and DSP 136, and further
including system memory 122 storing soitware code 124.
Moreover, like display surface 140/240, display surface 340
1s on an axis of rotation of rotor 306, display 302, and blur
screen 370 corresponding to axis of rotation 228, 1n FIG. 2B.

It 1s noted that blur screen 370 including horizontal gap
372 having width 374, 1n FIG. 3A, corresponds 1n general to
blur screen 170/270 including horizontal gap 172/272 hav-
ing width 174/274, in FIGS. 1 and 2C, 2D, and 2E. As a
result, blur screen 370, horizontal gap 372, and width 374
may share any of the characteristics attributed to respective
blur screen 170/270, horizontal gap 172/272, and width
174/274 by the present disclosure, and vice versa. It 1s
further noted that spin direction 356 of rotor 306, display
302, and blur screen 370 corresponds to spin direction 256
in FIG. 2A.

In contrast to the implementation shown by FIGS. 2A, 2B,
2C, 2D, and 2E, however, according to the exemplary
implementation shown 1 FIG. 3A, height 308 of vertical
edge 371 of blur screen 370 i1s less than distance 318
between base 310 and endcap 326. Nevertheless, like the
implementation shown by FIGS. 2A, 2B, 2C, 2D, and 2F,
horizontal gap 372 has length 376 perpendlcular to Wldth
374 and equal to height 308 of vertical edge 371. Moreover,
width 374 of horizontal gap 372 is substantially perpendicu-
lar to vertical edge 371 of blur screen 370.

FIG. 3B shows a top view 1nto exemplary cross-sectional
segment 378 of 1image generation system 100/300 along
perspective lines 3B-3B in FIG. 3A, according to one
implementation. It 1s noted that any features in FIG. 3B
identified by reference numbers 1dentical to those shown 1n
FIG. 3A correspond respectively to those previously 1den-
tified features and share their respective characteristics. In
addition to those features, FIG. 3B shows backside 342 of
display 102/302, opposite display surface 140/340, and
viewing cavity 384 of blur screen 170/370.

It 1s noted that the exemplary implementation shown by
FIG. 3B differs from those shown by FIGS. 2A, 2B, 2C, 2D,
2E, 2F, 2@, and 2H 1n that unlike blur screen 270, blur screen
370 does not extend around backside 342 of display 102/302
or otherwise obscure backside 342 of display 102/302. As




US 11,106,053 B2

9

shown 1n FIG. 3B, i some implementations, first and
second light emission barriers 382a and 3825 may each be
a semi-circular segment. As further shown in FIG. 3B, 1n
those 1mplementations, viewing cavity 384 may be hali-
cylindrical between display surface 140/340 and horizontal
gap 172/372.

Like blur screen 170/270, blur screen 170/370 may be
formed of any suitable opaque material having suflicient
rigidity to prevent blur screen 170/370 from deforming at
spin rates 1n a range, but not limited to, from approximately
nine hundred revolutions per minute to approximately three
thousand six hundred revolutions per minute (900 rpm-3600
rpm). For example, blur screen 170/370 including first light
emission barrier 382a and second light emission barrier
3826 may be formed of injection molded plastics, formed
rigid foam, shaped light weight metals, or other materials.

FIGS. 4A and 4B show top views 1nto exemplary cross-
sectional segments 478 of an 1mage generation system that
correspond 1n general to cross-sectional segment 278/378
shown 1n FIGS. 2H and 3B, according to other implemen-
tations. Each of FIGS. 4A and 4B show blur screen 470
including first light emission barrier 482a, second light
emission barrier 4825, and horizontal gap 472 having width
4’74 separating first light emission barrier 482q from second
light emission barrier 4825b. Also shown in FIGS. 4A and 4B
are display 402 including display surface 440 and backside
442 opposite display surface 440, and viewing cavity 484
formed by blur screen 470 between display surface 440 and
horizontal gap 472.

Blur screen 470 including first light emission barrier
482a, second light emission barrier 4825, and horizontal gap

4’72 having width 474 corresponds 1n general to blur screen
170/270/370 including first light emission barrnier 282a/

382a, second light emission barrier 2825/382b, and hori-
zontal gap 172/272/372 having width 174/274/374 1n FIGS.
1, 2A, 2B, 2C, 2D, 2E, 2F, 2G, 2H, 3A, and 3B. That 1s to
say, blur screen 470, first light emission barrier 482a, second
light emission barrier 4825, horizontal gap 472, and width
474 may share any of the characteristics attributed to respec-
tive blur screen 170/270/370, first light emission barrier
282a/382a, second light emission barrier 2825/3825b, hori-
zontal gap 172/272/372, and width 174/274/374 by the
present disclosure, and vice versa.

In addition, display 402 having display surface 440 and
backside 442, and viewing cavity 484 correspond respec-

tively 1n general to display 102/202/302 having display
surface 140/240/340, and viewing cavity 284/384 1n FIGS.

1, 2A, 2B, 2C, 2D, 2E, 2H, 3A, and 3B. Thus, display 402,
display surface 440, and viewing cavity 484 may share any
of the characteristics attributed to respective display 102/
202/303, display surface 140/240/340, and viewing cavity
284/384 by the present disclosure, and vice versa.

Like blur screen 370, in FIG. 3B, the exemplary imple-
mentations shown by FIGS. 4A and 4B differ from those
shown by FIGS. 2A, 2B, 2C, 2D, 2E, 2F, 2G, and 2H n that
unlike blur screen 270, blur screen 470 does not extend
around backside 442 of display 402 or otherwise obscure
backside 442 of display 402. As shown 1n FIG. 4A, in some
implementations, first and second light emission barriers
482a and 4825 may each be planar surfaces. As also shown
in FIG. 4A, 1in those implementations, viewing cavity 484
may be substantially triangular between display surface 440
and horizontal gap 472.

According to the exemplary implementation shown 1n
FIG. 4B, first and second light emission barriers 482a and
482b may each be implemented as a volumetric segment
having at least one curved surface. In those implementa-
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tions, viewing cavity 484 may also be substantially trian-
gular between display surface 440 and horizontal gap 472.
It 1s noted that in further contrast to implementations 1n
which blur screen 170/270 substantially surrounds display
102/202, and 1n which image 148 appears as a floating 1mage
in a dark cylindrical volume produced by the spinning of
blur screen 170/270, the blur screen 170/370/470 becomes
substantially transparent when spun. That 1s 1t to say each
light emitting pixel of display surface 140/340 will be
visible but non-light or ofl pixels will become transparent
when spinning, thereby causing image 148 to appear to
observer 166 as a transparent floating image.

Referring to FIGS. 1, 2A, 2B, 2C, 2D, 2E, 3A, 3B, 4A,
and 4B in combination, display surface 140/240/340/440
may be controlled by CPU 132 and/or GPU 134 of ASIC
130, while rotor 106/206/306 coupled to display 102/202/
302/402 1s controlled by CPU 132 of ASIC 130. CPU 132
of ASIC 130 1s configured to execute software code 124 to
render 2D graphic 244/344 on display surface 140/240/340/
440.

CPU 132 1s further configured to execute software code
124 to utilize motor 112/212/312 to spin rotor 106/206/306,
display 102/202/302/402, and blur screen 170/270/370/470
about axis of rotation 228 at a predetermined spin rate to
generate 1mage 148 corresponding to 2D graphic 244/344.
As a result of the 1mage generation performed by spinning
of display 102/202/302/402 and blur screen 170/270/370/
470, image 148 may appear to be tloating 1n space, and may
appear through horizontal gap 172/272/372/472 to be a
three-dimensional (3D) floating 1image corresponding to 2D
graphic 244/344 rendered on display surface 140/240/340/
440.

In some implementations, display surface 140/240/340/
440 may be a liquid-crystal display (LCD) screen, or an
organic light-emitting diode (OLED) display screen, for
example. Moreover, 1n some implementations, display sur-
tace 140/240/340/440 may be part of a mobile communica-
tion device serving as computing platform 120, the mobile

communication device being integrated with display 102/
202/302/402, and being configured to spin with rotor 106/

206/306 and display 102/202/302/402 at the predetermined
spin rate. For example, display surface 140/240/340/440
may be part of a smartphone or a tablet computer providing
computing platform 120.

It 1s noted that CPU 132 may execute soitware code 124
to control motor 112/212/312 1n order to spin rotor 106/206/
306, display 102/202/302/402, and blur screen 170/270/370/
470 about axis of rotation 228 at a varying spin rate, or at a
substantially constant predetermined spin rate. It 1s also
noted that spin direction 256/356 may be in either a counter

clockwise direction with respect to the plane of horizontal X
axis 268 and horizontal Y axis 162/262/362, as shown 1n

FIGS. 2A, 2C, and 3A, or in a clockwise direction with
respect to that plane.

In some implementations, CPU 132 may execute software
code 124 to use GPU 134 to change 2D graphic 244/344 as

rotor 106/206/306, display 102/202/302/402, and blur
screen 170/270/370/470 spin, so as to generate multiple
perspectives of 1image 148 that are appropriate respectively
to the locations of each observer of image 148. For example,
observer 166 located so as to face a front side of 1mage 148
and stationary at that location might consistently view image
148 from a frontal perspective. By contrast, another observer
located so as to face a backside of image 148, 1.e., 180° apart
from the perspective of observer 166, and stationary at that
location might consistently view 1mage 148 as 1f from the
rear.
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The functionality of image generation system 100/200/
300 including display 102/202/302/402 and blur screen

170/270/370/470 configured to spin will be further described
by reference to FIG. 5. FIG. 5 shows flowchart 590 outlining
an exemplary method for generating an 1mage that 1s sub-
stantially free of rotational blur using a spinning display and
blur screen, according to one implementation. With respect
to the method described by FIG. 5, 1t 1s noted that certain
details and features have been left out of flowchart 590 1n
order not to obscure the discussion of the inventive features

in the present application.
Referring to FIG. 5 in combination with FIGS. 1, 2A, 2B,

2C, 2D, 2E, 2H, 3A, 3B, 4A, and 4B, flowchart 590 begins
with spinning display 102/202/302/402 and blur screen
170/270/370/470 about axis of rotation 228 using motor
112/212/312 and rotor 106/206/306 (action 592). As noted
above, spinning of display 102/202/302/402 and blur screen
170/270/370/470 about axis of rotation 228 may be per-
formed using motor 112/212/312 and rotor 106/206/306
under the control of software code 124, executed by CPU
132 of ASIC 130, and using a predetermined spin rate or a
variable spin rate. By way of example, CPU 132 may
execute software code 124 to use motor 112/212/312 and
rotor 106/206/306 to spin display 102/202/302/402 and blur
screen 170/270/370/470 about axis of rotation 228 at spin
rate 1n a range, but not limited to, from approximately nine
hundred revolutions per minute to approximately three thou-
sand si1x hundred revolutions per minute (900 rpm-3600
rpm).

Flowchart 590 continues with emitting light from display
surface 140/240/340/440 to display image 148 by display
surface 140/240/340/440 while spinning display 102/202/
302/402 and blur screen 170/270/370/470 (action 3594).
Emission of light from display surface 140/240/340/440 to
display image 148 may be controlled by software code 124,
executed by CPU 132 of ASIC 130, and may include use of
GPU 134. As noted above, as a result of the 1mage genera-
tion performed by spinning of display 102/202/302/402,
image 148 may be viewed through horizontal gap 172/272/
372/472 of blur screen 170/270/370/470, and may appear to
be a 3D 1mage corresponding to 2D graphic 244/344 ren-
dered on display surface 140/240/340/440. Furthermore,
image 148 may appear to be a 3D 1mage floating 1n space.

Flowchart 390 can conclude with blocking a portion of
the light emitted from display surface 140/240/340/440
using first light emission barrier 282a/382a/482a and the
second light emission barrier 2825/3825/482b6 to prevent
rotational blur of 1mage 148 displayed by display surface
140/240/340/440 while display 102/202/302/402 and blur
screen 170/270/370/470 are spinning (action 396).

As noted above, image 148 1s visible to observer 166
through horizontal gap 172/272/372/472 having width 174/
274/374/474. 1t 1s noted that 2D graphic 244/344 to which
image 148 corresponds may be as large as display surface
140/240/340/440 and still be wvisible 1n its enftirety to
observer 166 because observer 166 views the cumulative
cllect of honizontal gap 172/272/372/472 sweeping across
display surface 140/240/340/440.

Width 174/274/374/474 of horizontal gap 172/272/372/
4’72 determines the resolution with which image 148 can be
displayed. In general, the narrower width 174/274/374/4774
of sweeping horizontal gap 172/272/372/472 1s, the crisper
or sharper resultant floating image 148 will be. It 1s noted
that although narrowing width 174/274/374/4°74 of horizon-
tal gap 172/272/372/472 causes 1mage 148 to appear less
bright, 1.e., to appear dimmer, because more of the light
emitted from display surface 140/240/340/440 1s blocked by
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first light emission barrier 282a/382a/482a and second light
emission barrier 2825/38256/482b, that attenuation 1n bright-
ness of image 148 1s advantageously less than that produced
by other approaches to preventing rotational blur.

In implementations 1n which resolution of image 148 1s of
high importance, it may be advantageous or desirable to
compensate for the dimming effect of narrow horizontal gap

172/272/372/472 by increasing the brightness with which
2D graphic 244/344 1s rendered on display surtface 140/240/
340/440. However, in other implementations 1n which reso-
lution of 1mage 148 1s less critical, wider horizontal gap
172/272/372/472 resulting 1n less light blocking by first light
emission barrier 282a/382a/482a and second light emission
barrier 2825/3825/482b may be preferred.

As a specific exemplary use case, in 1implementations 1n
which observer 166 views image 148 from a distance of
between approximately one half and approximately three
meters (0.5 m-3.0 m), for instance, width 174/274/374/4°74
of horizontal gap 172/272/372/472 may be less than ten
millimeters (<10 mm), such as 1 a range from approxi-
mately six millimeters to approximately eight millimeters
(6.0 mm-8.0 mm), for example.

Thus, the present application discloses systems and meth-
ods for generating an image that 1s substantially free of
rotational blur using a spining display and blur screen. By
rendering a 2D graphic on a display surface of a display and
spinning the display using a motor and a rotor, the systems
and methods disclosed by the present application enable the
generation of an apparently 3D floating 1mage correspond-
ing to the 2D graphic. Moreover, by utilizing a blur screen
spinning with the display and including first and second light
emission barriers blocking a portion of the light ematted
from the display surface, the present solution advanta-
geously enables generation of the 3D image having no
perceptible rotational blur.

From the above description 1t 1s manifest that various
techniques can be used for implementing the concepts
described 1n the present application without departing from
the scope of those concepts. Moreover, while the concepts
have been described with specific reference to certain imple-
mentations, a person of ordinary skill i the art would
recognize that changes can be made 1n form and detail
without departing from the scope of those concepts. As such,
the described implementations are to be considered 1n all
respects as 1llustrative and not restrictive. It should also be
understood that the present application 1s not limited to the
particular implementations described herein, but many rear-
rangements, modifications, and substitutions are possible
without departing from the scope of the present disclosure.

What 1s claimed 1s:

1. An 1mage generation system comprising:

a rotor and a base including a motor for spinmng the rotor

about an axis of rotation:

a display secured to the rotor, wherein the display includes

a display surface;

a blur screen secured to the display, the blur screen having,
a vertical edge substantially parallel to the axis of
rotation and including a first light emission barrier, a
second light emission barrier, and a horizontal gap
having a width substantially perpendicular to the ver-
tical edge separating the first light emission barrier
from the second light emission barrier;

wherein the first light emission barrier and the second

light emission barrier are configured to substantially
prevent rotational blur of an 1image when displayed by
the display surface while the display and the blur screen
are spun by the motor and the rotor, and wherein the
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blur screen forms a substantially triangular viewing
cavity or a substantially half-cylindrical viewing cavity
between the display surface and the horizontal gap.

2. The 1mage generation system of claim 1, wherein the
display surface 1s on the axis of rotation.

3. The image generation system of claim 1, wherein the
blur screen comprises a cylindrical housing containing the
display.

4. The 1image generation system of claim 1, wherein the
horizontal gap has a length perpendicular to the width and
equal to a height of the vertical edge of the blur screen.

5. The 1image generation system of claim 1, wherein a
height of the vertical edge of the blur screen 1s less than a
distance between the base and an endcap of the image
generation system opposite the base.

6. The image generation system of claim 1, wherein a
height of the vertical edge of the blur screen equals a height
of the 1mage generation system.

7. The 1image generation system of claim 1, wherein the
first light emission barrier and the second light emission
barrier comprise plastic, rigid foam, or metal.

8. The 1image generation system of claim 1, wherein the
display 1s configured to display the image as a two-dimen-
sional (2D) graphic on the display surface, and wherein
when the motor and the rotor spin the display and the blur
screen, the 1mage rendered as the 2D graphic appears as a
three-dimensional (3D) floating 1image.

9. The 1mage generation system of claim 1, wherein the
display surface 1s part of a mobile communication device
configured to spin with the display.

10. A method for use by an image generation system
having a rotor, a base including a motor for spinning the
rotor about an axis of rotation, a display secured to the rotor,
and a blur screen secured to the display, the blur screen
having a vertical edge substantially parallel to the axis of
rotation and including a first light emission barrier, a second
light emission barrier, and a horizontal gap having a width
substantially perpendicular to the vertical edge separating
the first light emission barrier from the second light emission
barrier, the method comprising:
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spinning the display and the blur screen, using the motor

and the rotor, about the axis of rotation;

emitting light from the display surface to display an 1mage

while spinning the display and the blur screen; and
blocking a portion of the light emitted from the display
surface using the first light emission barrier and the
second light emission barrier to prevent rotational blur
of the image displayed by the display surface while the
display and the blur screen are spinming, wherein the
blur screen forms a substantially triangular viewing
cavity or a substantially half-cylindrical viewing cavity
between the display surface and the horizontal gap.

11. The method of claim 10, wherein the display surface
1s on the axis of rotation.

12. The method of claim 10, wherein the blur screen
comprises a cylindrical housing containing the display.

13. The method of claim 10, wherein the horizontal gap
has a length perpendicular to the width and equal to a height
of the vertical edge of the blur screen.

14. The method of claim 10, wherein a height of the
vertical edge of the blur screen 1s less than a distance
between the base and an endcap of the image generation
system opposite the base.

15. The method of claim 10, wheremn a height of the
vertical edge of the blur screen equals a height of the image
generation system.

16. The method of claim 10, wherein the first light
emission barrier and the second light emission barrier com-
prise one of plastic, rigid foam, or metal.

17. The method of claim 10, wherein the 1image displayed
by the display surtace 1s rendered as a two-dimensional (2D)
graphic on the display surface, and wherein spinning the
display and the blur screen by the motor and the rotor causes
the i1mage rendered as the 2D graphic to appear as a
three-dimensional (3D) floating 1mage.

18. The method of claim 10, wherein the display surface
1s part of a mobile communication device configured to spin
with the display.
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